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(57) Abstract 

A self-drying insulation 
system for a pipe or a con- 
tainer (1) having a tempera- 
ture which periodically is lower 
than the dew point tempera- 
ture of the ambient air, com- 
prising an inner capillary-active 
slot between the surface of the 
pipe or the container (1) and 
a surrounding heat insulating 
layer (3) in which one or more 
capillary-active openings (5) are 
provided, which openings con- 
nect the inner side of the in- 
sulating layer (3) with its outer 
side, and where the outer side 
of the insulating layer (3) is 
surrounded by a water-repellent 
membrane (6) so as to form an 
outer slot (7) between the outer 
side of the insulating layer (3) 
and the membrane (6). 
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An insulation system and a method of providing an 
insulation system on a pipe or a container ("Insulation 
Sytem". 

The present invention relates to an insulation system for 
5 a pipe or a container having a surface temperature which 
for shorter or longer periods is lower than the dew point 
temperature of the ambient air, and comprising an inner 
capillary-active slot between the surface of the pipe or 
the container and a surrounding heat insulating layer in 

10 which one or more capillary-active openings are provided 
which connect the inner side of the insulating layer with 
its outer side, so that condensed water can be trans- 
ported by capillary action from the surface of the pipe 
or the container to the outer side of the insulating 

15 layer, from where it can evaporate into the ambient air. 

EP patent No. 0 528 936 discloses an insulation system of 
the above kind, in which a water absorbing material is 
disposed within the inner capillary-active slot/ which 
material extends out through a slot-shaped opening in the 

20 heat insulating layer onto the outer side of the 

insulating layer, and wholly or partly around it. The 
known insulation system is especially suited for 
insulating pipes for transport of cold media, such as 
cooling liquid. When condensation of water vapour takes 

25 place on the surface of such pipes, the condensed water 
will be absorbed in the inner water absorbing layer, and 
from there it will move out by capillary action into the 
outer water absorbing layer, from which it evaporates 
into the ambient air, the insulation system hereby 

30 becoming self-drying. 

It has hitherto been presumed that the prerequisite of 
the known insulation system being capable of functioning 
is that at least a portion of the outer side of the outer 
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water absorbing layer is in direct contact with the 
ambient air, so that free evaporation of condensed water 
can take place from this portion. 

In cases in which it has been desired to cover the outer 
5 water absorbing layer with a protective layer, e.g. a 
plastic or metal sheath, the sheath material has 
consequently been provided with holes or slits. 

For cooling installations e.g. for use in the food 
industry, it is required that the installations and 
associated cooling tubes and containers can be cleaned 
effectively, i.a. by pressure flushing. As a result, e.g. 
the food industry has been reluctant to use insulation 
systems of the above kind which are provided with an 
outer protective sheath with holes or slits. 

According to the present invention an insulation system 
of the kind stated in the preamble is provided, which is 
characterized in that the outer side of the insulating 
layer is surrounded by a water-repellent membrane so as 
to form an outer slot between the outer side of the 
insulating layer and the membrane. 

Provided that the water-repellent membrane is also 
completely water-proof and diffusion-proof, the present 
insulation system will theoretically be unnecessary, in 
practice it has, however, been found that it is 
impossible to provide a completely water-proof and 
diffusion-proof membrane even by use of a metal sheath, 
since it is impossible to make joints so as to be 
permanently tight. 

The insulation system according to the invention allows 
30 water penetrating through leaks to diffuse out again, 

either through the leaks or through the water-repellent 
membrane, which in that case must be made of a material 
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which is more or less diffusion-open. In case of pipes 
which are not exposed to the influence of water, the 
water-repellent membrane can be made of metal sheets, the 
system, as will appear from the following description, 
5 being "self-sealing" as regards minor leaks in joints. In 
case of pipes which are flushed, or in some other way are 
exposed to direct influence of water, the water-repellent 
membrane should be made of a diffusion-open material, 
since not inconsiderable amounts of water can penetrate 
10 through even small leaks in joints, whereas drying-out by 
diffusion through small holes proceeds much more slowly. 

The invention is based on a novel physical (hygrothermic) 
discovery to the effect that by means of the capillary 
sucking property of a wick substance it is possible to 

15 build up a water vapour partial pressure within a cavity, 
which is higher than the partial pressure within a second 
cavity having a temperature which is lower than the dew 
point temperature of the air in the first, warmer cavity 
which communicates with the first cavity via a capillary- 

20 active duct or slot in which a wick substance may be 
disposed. 

Examples of suitable membrane materials include water- 
proof and diffusion-open textile materials, such as those 
which are sold under the registered trade marks Trevira R 
25 and GORE- TEX R , and which i.a. are used for manufacturing 
leisure clothes. Alternatively, use may be made of a 
linen fabric coated with a water-repellent paint. 

According to a preferred embodiment of the insulation 
system according to the invention, the surrounding 
30 membrane is both water-proof and diffusion-open. The 

water-proof membrane may expediently also consist of a 
plastic sheath, such as a plastic foil sold under the 
trade mark Isogenopak R , which is fairly diffusion-open, 
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or a metal sheath, in cases where a diffusion-open 
membrane is not required because the pipe is not exposed 
to direct influence of water, but where a strong 
protection against mechanical impacts is desired. 

5 According to a preferred embodiment of the insulation 
system according to the invention, a layer of a water 
absorbing material is disposed within both the inner and 
the outer slot. 

When the opening in the heat insulating layer is an 
10 axially extending slot, the two layers of water absorbing 
material preferably merge, and the outer layer preferably 
consists of two parts extending in opposite directions 
from the slot. Such an insulation is particularly easy to 
provide on e.g. rectilinear cold pipes, since it suffices 
15 merely to position the absorbing layer, e.g. in the form 
of a piece of felt, on the pipes and with outwardly 
projecting ends, and to mount tubular sheathing insulat- 
ing elements, with a diffusion-proof surface layer, 
around the pipe, and subsequently to unfold the two free 
20 ends of the water absorbing layer from the slot, and 
optionally attach these ends to the outer side of the 
heat insulating layer and the diffusion-proof layer. Om 
top of the water-repellent and optionally diffusion-open 
membrane is mounted. 

25 The layers of water absorbing material are preferably 
fibre layers consisting of glass fibres, organic, 
synthetic or natural fibres. An example of a well-suited 
fibre material is a non-woven fabric material of hydro- 
philic, synthetic fibres, such as nylon or polypropylene 

30 felt, having a weight of 20-150 g/m 2 . When there are 

special requirements as to fire safety, glass tissue will 
be well-suited. 



WO 97/16676 



5 



PCT/DK96/00448 



The inner water absorbing layer is, as mentioned, in 
contact with the outer side of the insulated pipe or 
container, but is not necessarily in contact with all 
portions of the outer side of the pipe or the container. 
5 For example, the inner water absorbing layer does not 
necessarily extend all the way around the pipe, and nor 
is it necessary for it to be in contact with the pipe 
over the entire length of the pipe. Thus, the inner and 
the outer water absorbing layer may consist of strips, 
10 which at intervals are in contact with the pipe. 

By using closed-cell insulating materials, such as foamed 
rubber of foamed plastic, the need for using an inner 
water absorbing layer is reduced to a minimum, and it may 
optionally be left out completely and replaced by a 

15 surface treatment of the pipe and the inner side of the 
insulation with a surfactant, since the capillary forces 
in the cavity between the outer side of the pipe or the 
container and the insulating layer will transport 
condensed moisture onto the water absorbing layer in the 

20 opening in the insulating material. Similarly, use of an 
outer water absorbing layer can be reduced to a minimum. 

The heat insulating material may consist of known 
insulating materials, and it is preferred to use mineral 
wool or foamed open-cell plastic, and in particular 
25 insulating materials having a diffusion-proof surface, 

but also closed-cell insulating materials, such as foamed 
rubber or foamed plastic, are suitable. 

When insulating pipes, use may be made of a special 
tubular mineral wool product as combined water absorbing 
30 layer and heat insulating layer, which product has a 

thin, integrated inner layer of mineral wool, which has 
been made water absorbing. This inner layer, which e.g. 
has a thickness of 1-3 mm, can be made water absorbing 



WO 97/16676 



PCT/DK96/00448 



6 



during the production process by increasing the. tempera- 
ture in the inner layer to a point above the temperature 
at which the water-repellent impregnating agent, which 
such mineral wool products usually contain, decomposes. 

5 The dif fusion-proof layer on the outer side of the heat 
insulating layer may expediently consist of a plastic or 
metal foil, e.g. an aluminium foil. 

The insulation system described above is not only 
suitable for insulating the actual pipe, but also for 
10 mounting on valves, flanges, fittings and the like, which 
are built into or attached to the pipe. 

The invention also relates to a method of providing an 
insulation system on a pipe or a container of the above 
kind. The method according to the invention is of the 

15 kind, wherein an insulation system is provided on a pipe 
or a container having a surface temperature which for 
shorter or longer periods is lower than the dew point 
temperature of the ambient air, wherein a heat insulating 
layer is provided around the pipe or the container so as 

20 to form an inner capillary-active slot between the 
surface of the pipe or the container and the heat 
insulating layer, that one or more capillary-active 
openings are provided in the heat insulating layer, which 
openings connect the inner side of the insulating layer 

25 with its outer side, so that condensed water can be 

transported by capillary action from the surface of the 
pipe or the container to the outer side of the insulating 
layer, or to the outer side of the diffusion-proof layer 
disposed on the insulating layer, from where it can 

30 evaporate into the ambient air, and which is character- 
ized in that a water-repellent membrane is positioned 
around the insulating layer so as to form an outer slot 
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between the outer side of the insulating layer and the 
membrane . 

In the following the invention is described in more 
detail, reference being made to the drawing which shows a 
5 cross-section through a cold-water pipe surrounded by a 
preferred embodiment of an insulation system according to 
the invention. 

In the drawing, 1 is a cold-water pipe, the outer side of 
which is covered by a water absorbing layer 2, such as a 

10 felt layer, which fills out an inner slot. The water 
absorbing layer 2 is surrounded by a heat insulating 
layer 3, such as a layer of mineral fibres. The heat 
insulating layer 3 is, in the embodiment shown, 
surrounded by a diffusion-proof layer 4, but by use of a 

15 diffusion-proof heat insulating layer, such as a cellular 
plastics layer or cellular rubber layer, the diffusion- 
proof layer 4 may be left out. An axially extending slot 
5 is provided in the heat insulating layer 3 and in the 
surrounding diffusion-proof layer 4, and portions of the 

20 water absorbing layer 2, which acts as a capillary 

sucking wick substance, are passed out through the slot 5 
and disposed so as to cover the outer side of the 
diffusion-proof layer 4. The water absorbing layer 2 on 
the outer side of the diffusion-proof layer 4 is 

25 surrounded by a water-proof membrane 6. 

The annular cavity between the diffusion-proof layer 4 
and the water-proof membrane 6 forms an outer, warm slot 
7 . 

Example 

30 For the purpose of clarifying the mode of action of the 
insulation system shown in the drawing, it is assumed 
that the surface temperature of the cold-water pipe is 
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5 °C. This temperature corresponds to a saturation 
pressure of 875 Pa, If the ambient air has a temperature 
of 20 °C and a relative air humidity of 65 %, this 
corresponds to a partial pressure of 1545 Pa. For as long 
5 as the insulation system is dry, moisture transport will 
take place by diffusion from the ambient air having the 
higher partial pressure of 1545 Pa to the pipe surface 
having the lower partial pressure of 875 Pa. 

This will result in formation of condensed water on the 

10 pipe surface. The condensed water will, as it is formed, 
be absorbed by the water absorbing layer 2, and will be 
sucked out through the slot 5 by capillary action 
simultaneously with its temperature, and consequently the 
partial pressure, increasing. The wetting of the water 

15 absorbing layer 2 means that the partial pressure will 
equal the saturation pressure at the temperature which 
the water absorbing layer has at the particular site. 
Dependent on the heat insulating capacity of the insulat- 
ing layer 3, the temperature of the diffusion-proof layer 

20 4 and the temperature of the membrane 6 will be almost 

equal, and only 1-2 °C lower than the temperature of the 
ambient air. The partial pressure in the slot 7 between 
the diffusion-proof layer 4 and the membrane 6 will 
consequently equal the saturation pressure at 18-19 °C, 

25 i.e. about 2 100 Pa. Since this partial pressure is about 
550 Pa higher than the partial pressure of the ambient 
air, the diffusion, which was inwardly directed at the 
start of the wetting, will gradually be replaced by an 
outwardly directed diffusion, which will result in a 

30 drying-out of the insulation system. The drying-out will 
proceed for as long as there is excess moisture in the 
system, in particular on the pipe surface. Consequently, 
an equilibrium is created at a low moisture content, 
where the partial pressure within the cavity between the 

35 diffusion-proof layer 4 and the membrane 6 will equal the 
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partial pressure of the ambient air, and consequently 
diffusion of moisture will occur neither into nor out of 
the system, which thus remains dry, and the actual 
insulating material will thus retain its original heat 
5 insulating capacity. 

If the membrane 6 is completely diffusion-proof, no 
inwardly directed diffusion (wetting) or no outwardly 
directed diffusion (drying-out) will be able to occur, 
but, as it is, this is not required unless the insulating 
10 material was applied in moist state. As stated in the 

preamble, it will in practice be virtually impossible to 
make the membrane 6 completely and permanently diffusion- 
proof, even by using a metal sheath, because of joints in 
the sheath. 

15 Any unintentional leaks in the membrane 6, brought about 
e.g. by damage or insufficient sealings of joints, will 
cause no wetting of the insulation system, since they 
will merely result in improved possibilities of diffusion 
of moisture out through the leaks in the membrane 6. 

20 Irrespective of the membrane 6 being made of a completely 
water-proof and diffusion-proof material, such as a metal 
sheath, leaks will occur, e.g. in the form of 
insufficiently sealed joints. These leaks may give rise 
to penetration of water from cleaning or, in case of 

25 outdoor installations, from rain. When using the 

insulation system according to the invention, penetrating 
moisture will diffuse out through the leaks, causing 
drying-out of the insulation system. 

However, as stated above, it may be expedient, where the 
30 pipe is exposed to direct influence of water, not to make 
the sheath of metal, but of a comparatively diffusion- 
open material, such as e.g. PVC-foil, since quite 
substantial amounts of water can enter through even small 
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leaks in sheath joints, which water it will be hard to 
dry out again by diffusion through the same leaks. 
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Claims 

1. An insulation system for a pipe or a container having 
a surface temperature which for shorter or longer periods 
is lower than the dew point temperature of the ambient 

5 air, and comprising an inner capillary-active slot 

between the surface of the pipe or the container and a 
surrounding heat insulating layer in which one or more 
capillary-active openings are* provided which connect the 
inner side of the insulating layer with its outer side, 

10 so that condensed water can be transported by capillary 
action from the surface of the pipe or the container to 
the outer side of the insulating layer, from where it can 
evaporate into the ambient air, characteri zed 
in that the outer side of the insulating layer is 

15 surrounded by a water-repellent membrane so as to form an 
outer slot between the outer side of the insulating layer 
and the membrane. 

2. An insulation system according to claim 1, 
characterized in that the membrane is 

2 0 diffusion-open . 

3. An insulation system according to claim 2, 
characterized in that the membrane is a 
plastic or metal sheath, 

4. An insulation system according to any of the preceding 
25 claims, characterized in that an inner 

capillary-active layer is provided within the capillary- 
active slot between the surface of the pipe or the 
container and the surrounding heat insulating layer, 
which capillary-active layer at least partly fills out 
30 the slot. 

5. An insulation system according to any of the preceding 
claims, characterized in that a capillary 
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sucking material is disposed in the capillary-active 
opening or openings in the insulating layer. 

6. An insulation system according to any of the preceding 
claims, characterized in that the heat 

5 insulating layer has a diffusion-proof surface - 

7. An insulation system according to any of the claims 1- 
5, characterized in that the heat insulating 
layer consists of an insulating material which is 
diffusion-proof per se. 

10 8 . An insulation system according to claim 6 or 7, 

characterized in that the cavity between the 
outer side of the insulating layer and the surrounding 
membrane is at least partly filled out by a capillary 
sucking material. 

15 9. A method of providing an insulation system on a pipe 
or a container having a surface temperature which for 
shorter or longer periods is lower than the dew point 
temperature of the ambient air, wherein a heat insulating 
layer is provided around the pipe or the container so as 

20 to form an inner capillary-active slot between the 
surface of the pipe or the container and the heat 
insulating layer, that one or more capillary-active 
openings are provided in the heat insulating layer, which 
openings connect the inner side of the insulating layer 

25 with its outer side, so that condensed water can be 

transported by capillary action from the surface of the 
pipe or the container to the outer side of the insulating 
layer, from where it can evaporate into the ambient air, 
characterized in that a water-repellent 

30 membrane is positioned around the insulating layer so as 
to form a cavity between the outer side of the insulating 
layer and the membrane. 
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10. A method according to claim 9, character- 
ized in that use is made of a water-proof and 
diffusion-open membrane. 

11. A method according to claim 9 or 10, c h a r a c - 
5 terized in that use is made of a membrane in the 

form of a plastic or metal sheath. 

12. A method according to any of the claims 9-11, 
characterized in that a capillary sucking 
material is disposed within the inner capillary-active 

10 slot, which material at least partly fills out the slot. 

13. A method according to any of the claims 9-12, 
characterized in that a capillary sucking 
material is disposed within the capillary-active opening 
or openings in the insulating layer. 
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0324030 
2500476 
8900656 


19/07/89 
15/02/90 
26/01/89 


US- 


-A- 


4878520 


07/11/89 


EP-A.B- 
WO-A- 


0185661 
8600122 


02/07/86 
03/01/86 


EP- 


-Al- 


0088651 


14/09/83 


SE-T3- 

FR-A.B- 

JP-C- 

JP-B- 

JP-A- 


0088651 
2522387 
1701940 
3053520 
59034094 


02/09/83 
14/10/92 
15/08/91 
24/02/84 



W0-A1- 9405947 17/03/94 



AU-A- 


4944993 


29/03/94 


CA-A- 


2143450 


17/03/94 


CZ-A- 


9500473 


13/12/95 


EP-A- 


0660910 


05/07/95 


SK-A- 


22395 


11/07/95 


US-A- 


5520009 


28/05/96 



OT 1 

CD' t 




Form PCT/ISA/210 (patent family annex) (July 1992) 



